Diabetic patients may find it difficult to achieve recommended nutrient intakes embedded within dietary guidelines. The objective of this analysis was to document total sodium, saturated fat and added sugar intake as well as the main food sources of these nutrients in Canadian adults with type 2 diabetes before and after an intervention focused on healthy eating. Participants were enrolled in a single-arm dietary intervention trial designed to improve glycemic control and adherence to dietary recommendations. A 4-week menu plan and recipes were provided for participants along with a 6-week educational curriculum. Three repeated 24-hour dietary recalls were collected at baseline and 3 months. Food sources of sodium, saturated fat and added sugar were a secondary outcome derived from the dietary recalls. After 3 months, there was a reduction (p<0.05) in sodium intake of 561 mg/day, mainly due to reduced consumption of processed meats, soups and condiments. Significantly lower intake of processed meat contributed to -2.9 g/day saturated fat intake (p<0.1) while added sugar intake declined by 7 g/day (p<0.1), due to lower consumption of baked goods/desserts and chocolate (both p<0.05). The intervention was beneficial for type 2 diabetes patients in terms of changing dietary habits. However, the majority of the participants still exceeded the dietary guidelines for sodium and saturated fat. In addition to the efforts of individuals and their healthcare providers, strategies to increase the nutritional quality of prepared foods could provide widespread benefits.
There is no specific recommendation for sodium intake according to the Canadian Diabetes Association (Dworatzek et al, 2013) , but the Dietary Approaches to Stop
Hypertension trial has shown that moderate daily sodium intake (<2400 mg) decreased systolic and diastolic blood pressure, as well as decreasing A1C, and had beneficial effects on cardiometabolic risks (Azadbakht et al., 2011) . The tolerable upper intake limit (UL) for adults in Canada is 2300 mg/day .
Identifying common food sources of nutrients in the diet of the general population is valuable because it offers experts the ability to determine potential benefits to improve diet quality, promote health and prevent disease (The National Academy of Sciences, 1988) . Health Canada collects longitudinal data on food and nutrient consumption for the Canadian population to provide information on health determinants, health status, and health system utilization (Health Canada, 2006) , but publications related to the diabetic sub-population are limited and do not always include food sources (Shi et al., 2011; Langlois and Garrigue, 2012) . Furthermore, the most recent data are from 2004 (Health Canada, 2006) and may not reflect current eating trends. A determination of food sources in a diabetic population could be beneficial to identify and focus intervention efforts on unhealthy diet patterns and foods in order to improve glycemic control and health outcomes. Certain approaches to improve dietary patterns may lend themselves to reducing processed foods, which are typically high in sodium, fat or sugar. For example, menu planning may assist people with diabetes to adhere to a healthy diet (SoriaContreras et al., 2012; Asaad et al., 2016) while provision of simple recipes may also be D r a f t of benefit because studies of other populations have shown that home-cooking improves diet quality (Wolfson and Bleich, 2015) .
Research in Spain identified the sources of food that contributed most to sodium, saturated fat and added sugar in people with chronic diseases including type 2 diabetes (Guallar-Castillón et al., 2013) . Generalizability of the outcomes is limited by cultural specificity of dietary patterns, among other factors. To our knowledge, no previous studies have analyzed food sources of sodium, saturated fat, and added sugar or the impact of a dietary intervention on those foods in Canadian adults with diabetes.
The Physical Activity and Nutrition for Diabetes in Alberta (PANDA) trial focused on healthy eating with provision of menu plans and recipes as primary education tools. We previously showed that 12-week implementation of the PANDA intervention reduced A1C by 0.7%, and had beneficial effects on cholesterol and blood pressure. Participants had reduced intake of calories, added sugar and sodium but saturated fat consumption was stable (Asaad et al., 2016) . The objectives of this secondary analysis were to identify primary food sources of sodium, saturated fat, and added sugar at baseline and how each was changed by participation in the PANDA intervention study after 3 months. We hypothesized that intakes of these nutrients from processed foods would be reduced after the intervention.
Materials and methods

Study sample and intervention
The PANDA study was a single-arm nutrition intervention (ClinicalTrials.gov registration NCT01625507 
Dietary assessment
Changes in dietary intake over the intervention period were measured by 3 repeated 24-hour dietary recalls (collected on 2 weekdays and 1 weekend day) using WebSpan, an internet-based questionnaire, completed by participants at baseline and 3-months.
WebSpan utilization has been shown to reduce assessment error and bias (Storey and McCargar, 2012) . Dietary data were checked for accuracy by a trained graduate student. (Durai Raj et al., 2017) . To determine the contribution of food sources to sodium, saturated fat, and added sugar intake, all foods were classified into groups based on relatively homogenous composition (Table 1) adapted from Guallar-Castillón (Guallar-Castillón et al., 2013) . The contribution that specific categories made to the percentage of total sodium, saturated fat and added sugar daily intake was calculated.
Consumption from each category was represented as a percentage of total daily intake.
Participants were excluded from the analysis if they did not complete the three 24-hour dietary recalls pre-and post-intervention or reported consumption of implausible total energy values (outside the range of 500-3500 kcal/d for women and 800-4000 kcal/d for D r a f t 8 men) (Willet, 1998) . Among 73 participants enrolled in the PANDA intervention, n=61
were included in the analysis, and none were excluded for implausible energy intake (Willet, 1998) .
Statistical analysis
The contribution that specific categories of food made to the daily percentage intake of total sodium, saturated fat, and added sugar was calculated as (nutrient content of the food classification (Table 1) summed for all individuals/total daily intake of target nutrient from all foods for all individuals)*100% (Guallar-Castillón et al., 2013) . Gender differences in total intake were compared by unpaired t-test. To evaluate the effectiveness of the intervention, a paired t-test was used to compare the change in food sources of sodium, saturated fat, and added sugar pre-and post-intervention. Chi-squared tests were used to explore differences in the number of participants who met nutrition recommendations pre-and post-intervention. Analyses were performed using IBM SPSS version 22 (SPSS Inc., Chicago, IL, USA), and statistical significance was determined at p<0.05. Because the study was not initially powered to detect changes in food sources, trends in consumption were also noted if p<0.1.
Results
The 61 participants included in food source analyses included 32 males and 29 females, with an average age of 59.2±9.5 years, duration of diabetes of 9.3±8.6 years and the majority were Caucasian (85.2%). Baseline A1c was 7.9±1.7%, BMI 32.4±7.0 kg/m 2 , systolic blood pressure 128±14 mmHg, and diastolic blood pressure 78±9 mmHg.
At baseline, average daily sodium and saturated fat intakes exceeded recommendations, whereas added sugar intake met the recommendation (Table 2) . After the intervention D r a f t there was a significant (p<0.01) reduction in daily sodium intake and sodium density with trends (p<0.1) to reduced saturated fat and added sugar intakes (Table 2) . Table 3 displays the primary food sources of sodium before and after the PANDA intervention. Bread was the major source of sodium for diabetic participants. Other important sources of sodium included processed foods (luncheon meats, soups, condiments) and grain based mixed foods such as pasta dishes. The total contribution of sodium from these sources was >40% of intake (about 1300 mg/day). On average, a significant reduction in sodium intake (-561 mg, 95% CI -891, -230) was achieved after 3 months. The main food sources contributing to the reduction included decreased consumption of processed foods (p <0.05) with a trend to reduced bread consumption (p<0.1). The reduction in sodium from processed foods amounted to 467 mg/day (>80% of the total). Table 4 illustrates the changes in primary food sources of saturated fat over the duration of the PANDA trial. More than 20% of total saturated fat intake pre-intervention was from dairy products (cheese and milk). Added fat (butter, margarine and oils), fast foods and processed meats also contributed. Together, these foods accounted for >40% of total saturated fat intake. Daily intake of saturated fat tended to decrease after 3 months (-2.9 g, 95%CI (-6.1, 0.1)) and of the food categories, milk (1-4% fat) and processed meat consumption declined significantly at 3 months, together accounting for nearly 60% of the reduction. foods accounted for 60% of total added sugar intake at baseline. There was a trend for added sugar intake to decrease (p=0.097) at 3 months, which was accounted for mainly by significantly reduced consumption of pastries/baked desserts and chocolate.
Discussion
The main objectives of this study were to explore the primary food sources of sodium, saturated fat, and added sugar in people with diabetes in Canada and to determine if a menu plan-based intervention could reduce intakes of these nutrients. At baseline, intakes of sodium and saturated fat were above recommendations in this cohort, whereas added sugar met the recommendation of ≤10% of total energy. Overall, the intervention reduced total sodium and some sources of saturated fat consumption. Added sugar intake, already low, was not further reduced. Processed meats emerged as a leading source of both sodium and saturated fat. Other sources of sodium included other processed foods but also bread and grain-based mixed foods, while other sources of saturated fat included dairy products and added fats/oils along with fast food.
It is not surprising that only a quarter of diabetic patients had intakes below the UL for sodium (2300 mg/day) because sodium intake at baseline (3200 mg/d) was similar to the average of Canadian adults (3400 mg/d) . The primary source of dietary sodium in this cohort was bread, which is consistent with the general Canadian population (Garriguet, 2007) , as well as diabetic patients from Spain (Guallar-Castillón et al., 2013) . However, at 11% of total, the amount of sodium from bread was lower than sodium intake in this population (Kitaoka et al., 2013) . Although participants reduced sodium consumption, average intake still exceeded the UL of recommended intake. This D r a f t outcome is similar to those of a 1-year dietary intervention focused on improving dietary quality among metabolic syndrome patients, which showed an overall reduction in sodium intake, but with more than half of participants' intake persistently exceeding the sodium UL (Wang et al., 2013) . Lowering sodium intake has been associated with reductions in cardiovascular risk (Cook et al., 2014 ) and blood pressure (He et al., 2013) ; therefore it should be a priority in patients with type 2 diabetes. In the PANDA intervention program there was a significant reduction in systolic blood pressure (Asaad et al., 2016) . However, we were not able to find an association between change in sodium intake and systolic blood pressure, probably because the study was not powered to detect this change. In 2007, Health Canada established a multi-stakeholder Sodium Working
Group to develop strategies to reduce the sodium content of the diets of Canadians. The goal is to lower the average of sodium intake to 2300 mg per day by 2016 (Health Canada, 2010) . However, only 4.5% of Canadian food products had claims about sodium (Schermel et al., 2013) . It has been estimated that the majority of sodium intake comes from processed foods (Fischer et al., 2009) . Therefore, the food industry is seen to have a key role in reducing sodium intake from processed foods.
Several studies (Jarvandi et al., 2011; Mun˜oz-Pareja et al., 2012) total sugar compared with non-diabetic respondents, possibly due to a focus on carbohydrate management for glycemic control (Langlois and Garriguet, 2012) . The primary sources of total sugar were from fruits and vegetables, and dairy products (data not shown). Baked or dairy desserts represent the greatest contributors to dietary added sugar intake in this cohort. Although yogurt (a dairy dessert) is perceived to be a healthy food, about 75% of the total sugar is added sucrose or fructose in many varieties, which was determined by scrutinizing food labels (Durai Raj, 2017) . Consumption of dairy desserts was not altered by the intervention, perhaps because yogurt was recommended as a healthier option than ice cream in the menu plan. Baked goods/desserts and chocolate were other sources of added sugar in diabetic patients and intakes of these were reduced significantly after the intervention. In our cohort of diabetic participants, sugar-sweetened D r a f t beverages contributed little to added sugar intake (4.6 %), whereas in the general population of Canada (Langlois and Garriguet, 2012) and the United States (Huth et al., 2013 ), such beverages are major sources of added sugar (13% and 33%, respectively).
There is conflicting advice about added sugar intake. The Canadian Diabetes Association Although there were improvements in dietary intake, the majority of participants still had difficulty achieving recommended saturated fat and sodium intakes. Meeting these recommendations might be assisted by the development of strong public health policies for food industries to reduce saturated fat (Downs et al., 2013) , sodium (Wang and Labarthe, 2015) , and added sugar (Gornall, 2015) content in foods. In Canada, only 8.7%
of food products had claims about saturated fat, 4.5% claims about sodium, and 4%
claims about sugar (Schermel et al., 2013) . Currently, many people don't prioritize time for food preparation, thus contributing to changing food consumption patterns such as an increase in the consumption of fast foods and convenience or ready-to-eat foods. If the food industry increased the number of products with healthier profiles of saturated fat, D r a f t sodium and added sugar, diabetic consumers would have greater access to appropriate foods (Jabs and Devine, 2006) .
The main strength of this study is its novelty in identifying the primary food sources of sodium, saturated fat, and added sugar in Canadian diabetic patients. Additionally, dietary intake data were collected through validated methodology, multiple 24-hour recalls. We were able to evaluate how food sources of these nutrients changed following a menu plan-based intervention. The study had several limitations. Small sample size limits the ability to conduct multivariate analyses. The majority of participants lived in an urban area, were educated, Caucasian, and had high income/socio-economic status.
Therefore, results may not be generalizable to those living in rural areas, with lower education levels, low income or different ethnicities. Additionally, dietary measurement error may have occurred due to inaccurate reporting by participants or limitations of the WebSpan database. For example, none of the participants reported added salt in their food intake, while WebSpan could not distinguish between homemade versus prepared food items. For example, nutrient analyses of soups are based on canned soups, which are likely to be higher in sodium content than homemade. The PANDA intervention encouraged preparation of foods "from scratch" by providing simple recipes; thus, the true extent of changes in nutrient intake may not have been captured. However, these limitations would be expected to dampen the true effects, thus conclusions regarding dietary changes are probably conservative.
In summary, the study highlights the main food sources of sodium, saturated fat, and added sugar in Canadian diabetic patients. Providing knowledge and skills regarding healthy food choices and menu planning through the PANDA intervention enabled D r a f t healthy behavior changes resulting in significantly lower sodium intakes and a general reduction in processed foods such as meats and soups. However, continuing on a healthy diet may be challenging in terms of preventing diabetes complications. Although there were improvements in dietary intake, the majority of participants still had difficulty achieving recommended saturated fat and sodium intakes. Our findings can assist dietitians and other healthcare professionals in understanding dietary patterns of diabetic patients, which may enhance efforts to improve adherence to saturated fat, sodium and added sugar recommendations.
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